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Specification 

Title of the Invention 

[0001] Insertion Unit for Endoscope 

Background of the Invention 

[0002] The present invention relates to an insertion 
unit for an endoscope accommodating a plurality of 
components such as tubes and bundles of optical fibers, 
[0003] An endoscope has an insertion unit which is to be 
inserted into a human cavity. The insertion unit generally 
includes a flexible tube provided at a distal end portion 
thereof. Generally, the flexible tube is bendable by 
operation at an operation unit formed at a proximal end 
portion of the endoscope. Inside the flexible tube, a 
plurality of components such as tubes and bundles of 
optical fivers are accommodated. 

[0004] The flexible tube is configured such that the 
diameter thereof is as small as possible so as not to 
provide much pain to a patient during an endoscopic 
inspection. On the other hand, the diameter of the flexible 
tube is also determined to have its minimum diameter at 
which the components inside the flexible tube will not 
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crush each other. 

[0005] Conventionally, the minimum diameter is 
determined such that the following condition is satisfied. 
[0006] 2s /S falls within a range of 0.7-0.8, wherein 2s 
is the sum of cross-sectional areas of the components 
inside the flexible tube, while S represents the inner 
cross -sectional area of the flexible tube. 

[0007] In the conventional insertion unit configured as 
above, when the flexible tube is repeatedly bent, the 
bundles of optical fibers may meander inside the flexible 
tube and/or may be stretched. In particular, when the 
optical fibers are stretched, they may be gradually broken 
and the amount of light for illuminating an object to be 
observed is lowered. It is generally said that if a rate of 
damaged optical fibers reaches 10 %, the reduction of 
illumination light affects the observation performance, and 
that if the rate of damaged optical fibers exceeds 20%, the 
observation performance will be significantly damaged. 

Summary of the Invention 

[0008] In view of the above, the present invention 
provides an insertion unit for an endoscope, with which the 
components inside the flexible tube of the insertion unit 
will be less damaged, and thus a good observation 
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performance can be maintained over an extended period of 
time. 

[0009] According to the invention, there is provided an 
insertion unit for an endoscope, which includes a flexible 
tube having an inner diameter Di and an inner cross - 
sectional area S, and a plurality of components inserted 
and arranged in said flexible tube. The plurality of 
components include at least one optical fiber bundle. The 
insertion unit is configured such that the inner diameter 
Di is not less than 6.5 mm and the inner cross -sectional 
area S satisfies the condition of 0.5 ^ Zs/s ss 0.6, where 
2s represents a sum of cross- sectional areas of the 
components arranged in the flexible tube. Alternatively, 
the insertion unit is configured such that the inner 
diameter Di is less than 6.5 mm and the inner cross- 
sectional area S satisfies the condition of 0.5 ss 2s/s £ 
0.65. 

[0010] The inner diameter D x of the flexible tube may be 
the inner diameter at the narrowest portion thereof. 
[0011] The insertion unit according to the invention may 
also include a bendable member that is connected to a 
distal end of the flexible tube and remotely controlled to 
be bent by an operation unit connected to a proximal end of 
the flexible tube. In this case, the inner diameter Di may 
be the inner diameter in the vicinity of a position where 



the bendable member is connected to the flexible tube. 

Brief Description of the Accompanying Drawings 

[0012] Fig, 1 shows an endoscope to which the 
embodiments of the invention is applicable; 
[0013] Fig. 2 through 9 show cross-sections of a 
flexible tube according to first through eighth embodiments, 
respectively; and 

[0014] Fig. 10 is a graph showing the relation between a 
diameter of the flexible tube, D a , and a maximum value of 
2s/S by which a rate of damaged fibers in an illuminating 
optical fiber bundle is less than 10%. 

Detailed Description of the Embodiments 

[0015] Hereinafter, embodiments according to the present 
invention will be described with reference to the 
accompanying drawings . 

[0016] Fig. 1 shows an endoscope 100 to which insertion 
unit according to each of embodiments of the present 
invention is applicable. 

[0017] The endoscope 100 includes an insertion unit, 
which includes a flexible tube 1, a bendable member 2, an 
operation unit 3 and an optical unit 20, 
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[0018] The flexible tube 1 is to be inserted into a 
human cavity, A proximal end of the flexible tube 1 is 
connected with a bottom of the operation unit 3, and a 
distal end of the flexible tube 1 is connected with a 
bendable member 2. The bendable member 2 is remotely 
controlled, at the operation unit 3, to bend using wires 
which will be described later. A reference "L" in Fig. 1 
indicates a practical length of the bendable member 2, that 
is, the length of an actually bendable portion of the 
bendable member 2. The optical unit 20, which accommodates 
an objective optical system, is mounted at the distal end 
of the bendable member 2. 

[0019] Fig. 2 is a cross -sectional view of the flexible 
tube 1 according to a first embodiment of the invention. 
The cross-sectional view of Fig. 2 is taken along a plane 
A-A which is perpendicular to a longitudinal axis of the 
flexible tube 1, in the vicinity of a position where the 
flexible tube 1 is connected with the bendable member 2. It 
should be noted that the flexible tube 1 is at its 
narrowest on the plane A-A. 

[0020] The flexible tube 1 has an inner diameter D 1 of 
2.2 mm in a plane shown in Fig. 2. A plurality of 
components are arranged in an inner space of the flexible 
tube 1. In this example shown in Fig. 2, the flexible tube 
1 is configured such that two guide coils 11, a treatment 
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accessory insertion channel 12, an illuminating optical 
fiber bundle 13 , and an image transmitting optical fiber 
bundle 14 are inserted therein. 

[0021) The treatment accessory insertion channel 12 is a 
tube made from tetraf luoroethylene resin, for example. The 
illuminating optical fiber bundle 13 is a bundle of optical 
fibers whose diameters is 30 |im, and the image transmitting 
optical fiber bundle 14 is a bundle of optical fibers whose 
diameters is 10 pun. 

[0022] The two guide coils 11 are inserted through the 
flexible tube 1 and arranged on an inner circumferential 
surface of the flexible tube 1 at an interval of 180° so 
that the guide coils 11 are arranged symmetrically with 
respect to the longitudinal axis of the flexible tube 1. 
Wires 22 for bending the bendable member 2 are slidably 
inserted through each of the guide coils 11. The bendable 
member 2 can be bent in opposite directions (e.g., up and 
down in Fig. 2) by operating the operation unit 3 so that 
one of the wire 22 is extended while the other is retracted. 
[0023] In the first embodiment, the length L of the 
bendable member 2 is 11 mm and the maximum bending angle of 
the bendable member 2 is 90° in each of the opposite 
directions (e.g., up and down directions in Fig. 2). 
[0024] Further, an inner diameter of the bendable member 
2 is substantially the same as the inner diameter Di of the 
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flexible tube 1. 

[0025] An experiment is carried out to bend the 
insertion unit of the flexible tube 1 shown in Fig. 2 for 
examining durability of the illuminating optical fiber 
bundle 13. In this experiment, the flexible tube 1 is kept 
straight, and only the bendable member 2 is bent, in 
opposite directions, to its maximum bending angle by 6000 
times in each direction. 

[0026] Generally, the bendable member 2 is bent by 10-12 
times in each direction during one endoscopic inspection. 
Thus, bending the bendable member 2 for 6000 times in each 
direction may corresponds to 500-600 times of endoscopic 
inspection. 

[0027] The bending test is carried out by varying a 
ratio 2s/S, where 2s is the sum of cross-sectional areas of 
the components arranged in the inner space of the flexible 
tube 1, and S is the cross-sectional area of the inner 
space of the flexible tube 1 at the plane shown in Fig. 2. 
The ratio 2s /S is changed by varying the outer diameter of 
the components arranged in the flexible tube 1, i.e., the 
guide coils 11, the treatment accessory insertion channel 
12, the illuminating optical fiber bundle 13 and/or the 
image transmitting optical fiber bundle 14, while keeping 
the inner diameter Di of the flexible tube 1 maintained 
constant. The combination of the diameters of the above 
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mentioned components, the ratio Zs/S and the results of the 
experiments are shown in Table 1. 



Table 1 





test No. 


1 


2 


3 


4 


Dii [mm] 


0.4 


0.4 


0.4 


0.4 


D12 [mm] 


1.05 


1.05 


1.1 


1.2 


Di 3 [mm] 


0.7 


0.9 


0.9 


0.9 


D a4 [mm] 


0.8 


0.9 


0.9 


0.9 


2s/S [%] 


53 


63 


65 


70 


results 


A 


A 


B 


D 



[0028] in table 1, Dn , Di2# D13 &nd D14 represent the 
outer diameters of the guide coil 11 , the treatment 
accessory insertion channel 12, the illuminating optical 
fiber bundle 13 and the image transmitting optical fiber 
bundle 14, respectively. The results show ratios of broken 
fibers in the illuminating optical fiber bundle 13 after 
the bending test is carried out. 

[0029] The result is indicated in four levels (A) -(D) 
which are defined as: 

(A) the rate of broken fibers is less than 5%; 

(B) the rate is more than 5% but less than 10%; 

(C) the rate is more than 10% but less than 20%; and 

(D) the rate is more than 20 %. 

It should be noted that the above definition of the 
levels also apply to the other tables. 
[0030] Generally, the observing performance of the 
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endoscope 100 is not seriously affected if the ratio of the 
broken fibers in the illuminating optical fiber bundle 13 
is less than 10%, but is affected if the ratio is over 10%, 
and seriously affected if the ratio is over 20 %. Thus, it 
is preferable to keep the ratio of the broken fibers less 
than 10%. 

[0031] As can be seen in Table 1, if the flexible tube 1 
has an inner diameter Di of 2.2 mm, the ratio of the broken 

JIT fibers in the illuminating optical fiber bundle 13 becomes 

y less than 10% if 2s/S =s 0.65 is satisfied. 

pj [0032] Fig. 3 is a cross sectional view of the flexible 
tfl tube 1 according to a second embodiment of the invention, 
~ taken along a plane A-A perpendicular to the axis of the 

£355. 

H flexible tube 1 at a position in the vicinity of the distal 
y, end thereof. In this embodiment, four guide coils 11 are 
J inserted through the flexible tube 1 and arranged on the 

inner circumferential surface of the flexible tube 1 at an 
interval of 90°. Further, the treatment accessory insertion 
channel 12, the illuminating optical fiber bundle 13, the 
image transmitting optical fiber channel 14 and an 
air /water feeding tube 15, made from tetraf luoroethylene 
resin or polyurethane resin, are inserted and arranged in 
the inner space of the flexible tube 1. 

[0033] The diameter Di of the flexible tube 1 on the 
plane shown in Fig. 3 is 4.45 mm, and the practical length 



9 



1-10;16:13 ; MATSUOKA & Co.. TOKYO 



Bernstein 



; 042-3 72-685 8 



L of the bendable member 2 is 39 ram. The maximum bending 
angle of the bendable member 2 is 180° in up and down 
directions in Fig. 3, and 160° in right and left directions 
(in Fig. 3). 

[0034] The bending experiment is carried out in the same 
manner as in the first embodiment , except that the flexible 
tube of Fig. 3 is used. That is, the bendable member 2 is 
bent in up and down directions of Fig. 3 to the maximum 
bending angle by 6000 times in each direction. Results of 
the experiment are shown in table 2. 



Table 2 





test No. 


1 


2 


3 


4 


Dii [nun] 


0.6 


0.6 


0.6 


0.6 


D i2 [ram] 


2.3 


2.4 


2.5 


2.5 


Di 3 [mm] 


1.5 


1.5 


1.5 


1.5 


D 14 [mm] 


1.5 


1.5 


1.5 


1.6 


Dis [mm] 


1.2 


1.2 


1.2 


1.3 


2s/S [%] 


64 


66 


69 


72 


results 


A 


A 


C 


D 



[0035] In table 2, D i5 represents the outer diameter of 
the air/water feeding tube 15. Note that 2s in table 2 also 
includes a cross-sectional area of the air/water feeding 
tube 15. 

[0036] As can be seen in table 2, if the flexible tube 
has an inner diameter D 1 of 4.45 mm, the ratio of broken 
fibers in the illuminating optical fiber bundle 13 becomes 
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less than 10%, and therefore the observation performance of 
the endoscope 100 will not be seriously affected, if 2s /S ss 
0.66 is satisfied. 

[0037] Fig. 4 is a cross sectional view of the flexible 
tube 1 according to a third embodiment of the invention, 
taken along a plane A-A which is perpendicular to the axis 
of the flexible tube 1, at a position in the vicinity of 
the distal end thereof. In this embodiment, two guide coils 
11 are inserted through the flexible tube 1 and arranged on 
the inner circumferential surface at an interval of 180°. 
Further, the treatment accessory insertion channel 12, two 
illuminating optical fiber bundles 13 and an image signal 
transmitting cable 16 are inserted and arranged in the 
inner space of the flexible tube 1. 

[0038] The diameter Di of the flexible tube 1 on the 
plane shown in Fig. 4 is 4.4 mm, and the practical length L 
of the bendable member 2 is 32 mm. The maximum bending 
angle of the bendable member 2 is 180° in an upward 
direction and 130° in a downward direction. 
[0039] The bending experiment is carried out in the same 
manner as in the first embodiment, except that the flexible 
tube 1 of Fig. 4 is used. Results of the experiment are 
shown in table 3 . 
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Table 3 





test No. 


1 


2 


3 


Dji [mm] 


0.63 


0.63 


0.63 


D 12 [nun] 


2.3 


2.5 


2.5 


D13 [nun] 


1.3 


1.3 


1.5 


Die [nun] 


1.6 


1.6 


1.6 


2s/S [%] 


62 


67 


73 


results 


A 


B 


D 



[0040] In table 3, D 16 represents the outer diameter of 
the image signal transmitting cable 16. Note that 2s in 
table 3 is the sum of the cross -sectional areas of the 
guide coils 11 , the treatment accessory insertion channel 
12, the illuminating optical fiber bundles 14 and the image 
signal transmitting cable 16. 

[0041] As can be seen in table 3, in the case the 
flexible tube has an inner diameter Di of 4.4 mm, the rate 
of broken fibers in the illuminating optical fiber bundle 
13 becomes less than 10% if 2s/S s 0.67 is satisfied. 
[0042] Fig. 5 is a cross sectional view of the flexible 
tube 1 according to a fourth embodiment of the invention, 
taken along a plane A-A which is perpendicular to the axis 
of the flexible tube 1, at a position in the vicinity of 
the distal end thereof. In this embodiment, two guide coils 
11 are inserted through the flexible tube 1 and arranged on 
the inner circumferential surface at an interval of 180°. 
Further, the treatment accessory insertion channel 12 , 
three illuminating optical fiber bundles 13 and the image 
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transmitting optical fiber bundle 14 are inserted and 
arranged in the rest of the inner space of the flexible 
tube 1. Note that 2s in the present embodiment represents 
the sum of the cross-sectional areas of the above mentioned 
components (11, 12, 13, 14) that are arranged in the 
flexible tube 1. 

[0043] The diameter Di of the flexible tube 1 at the 
plane shown in Fig. 5 is 5.35 mm, and the practical length 
L of the bendable member 2 is 33 mm. The maximum bending 
angle of the bendable member 2 is 180° in both the up and 
down directions of Fig. 5. 

[0044] The bending experiment is carried out in the same 
manner as in the first embodiment, except that the flexible 
tube 1 of Fig. 5 is used. Results of the experiment are 
shown in table 4. 



Table 4 





test No. 


1 


2 


3 


Du [mm] 


0.8 


0.8 


0.8 


D12 [mm] 


3.6 


3.8 


3.9 


D a3 [mm] 


0.9 


0.9 


0.95 


D14 [mm] 


1.4 


1.4 


1.4 


2s/S [%] 


65 


70 


74 


results 


A 


C 


D 



[0045] As can be seen in table 4, if the flexible tube 
has an inner diameter D 1 of 5.35 mm, the ratio of broken 
fibers in the illuminating optical fiber bundle 13 becomes 
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less than 10% if Zs/S =s 0.65 is satisfied. 

[0046] Fig. 6 is a cross sectional view of the flexible 
tube 1 according to a fifth embodiment taken along a plane 
A-A which is perpendicular to the axis of the flexible tube 
1 in the vicinity of the distal end thereof . In this 
embodiment, four guide coils 11 are inserted through the 
flexible tube 1 and arranged on the inner circumferential 
surface at an interval of 90°. Further, the treatment 
accessory insertion channel 12, two illuminating optical 
fiber bundles 13, the image transmitting optical fiber 
bundle 14, an air feeding tube 17 and a water feeding tube 
18 are inserted and arranged in the inner space of the 
flexible tube 1. Note that 2s in the present embodiment 
represents the sum of the cross- sectional areas of the 
above-mentioned components (11, 12, 13, 14, 17, 18) that 
are arranged in the flexible tube 1. 

[0047] The diameter Di of the flexible tube 1 on the 
plane shown in Fig. 6 is 6.4 mm, and the practical length L 
of the bendable member 2 is 40 mm. The maximum bending 
angle of the bendable member 2 is 180° in the up and down 
directions, and 100° in the right and left directions in 
Fig. 6. 

[0048] The bending experiment is carried out in the same 
manner as in the first embodiment except that the flexible 
tube 1 of Fig. 6 is used. Results of the experiment are 
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indicated in table 5. 



Table 5 





test No. 


1 


2 


3 


Dii [mm] 


1.1 


1.1 


1.1 


D12 [mm] 


2.6 


2.6 


2 . 6 


D13 [mm] 


1.8 


2 


2 


Di4 tmm] 


1.8 


1.8 


2 


D17 [mm] 


1.5 


1.5 


1.5 


Dis [mm] 


1.4 


1.4 


1.4 


2s/S [%] 


62 


66 


68 


results 


A 


B 


D 



U [0049] As can be seen in table 5, when the flexible tube 

gy has an inner diameter Dj. of 6.4 mm, the rate of broken 

yi fibers in the illuminating optical fiber bundle 13 becomes 

less than 10% if 2s/S ss 0.66 is satisfied, 
r: [0050] Fig. 7 is a cross sectional view of the flexible 
[7 tube 1 according to a sixth embodiment of the invention, 
y taken along a plane A-A in the vicinity of the distal end 
and perpendicular to the axis of the flexible tube 1. In 
this embodiment, four guide coils 11 are inserted through 
the flexible tube 1 and arranged on the inner 

circumferential surface at an interval of 90°. Further, the 
treatment accessory insertion channel 12, the illuminating 
optical fiber bundle 13, the image transmitting optical 
fiber bundle 14, the air feeding tube 17 and the water 
feeding tube 18 are inserted and arranged in the inner 
space of the flexible tube 1. Note that 2s in the present 
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embodiment represents the sum of the cross -sectional areas 
of the above-mentioned components (11, 12, 13 , 14, 17 , 18) 
arranged in the flexible tube 1. 

[0051] The diameter Di of the flexible tube 1 on the 
plane shown in Fig* 7 is 6.7 mm, and the practical length L 
of the bendable member 2 is 42 mm. The maximum bending 
angle of the bendable member 2 is 180° in the up and down 
directions, and 100° in the right and left directions in 
Fig. 7. 

[0052] The experiment is carried out in the same manner 
as in the first embodiment except that the flexible tube of 
Fig. 7 is used. Results of the experiment are shown in 
table 6. 



Table 6 





test No. 


1 


2 


3 


4 


5 


Dii [mm} 


1.1 


1.1 


1.1 


1.1 


1.1 


D i2 [mm] 


2.7 


2.7 


3 


2.7 


3 


D13 [mm] 


2.1 


2.4 


2.1 


2.5 


2.5 


Dn [mm] 


2.1 


2.1 


2.1 


2.5 


2.5 


D17 [mm] 


1.6 


1.6 


1.6 


1.6 


1.6 


Die [mm] 


1.3 


1.3 


1.3 


1.3 


1.3 


2s/S [%] 


56 


59 


60 


64 


68 


results 


A 


B 


B 


C 


D 



[0053] As can be seen in table 6, when the flexible tube 
has an inner diameter D x of 6.7 mm, the ratio of broken 
fibers in the illuminating optical fiber bundle 13 becomes 
less than 10% if Zs/S ss 0.6 is satisfied. 
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[0054] Fig. 8 is a cross sectional view of the flexible 
tube 1 according to a seventh embodiment, taken along a 
plane A-A perpendicular to the axis of the flexible tube 1 
in the vicinity of the distal end thereof. In this 
embodiment, four guide coils 11 are inserted through the 
flexible tube 1 and arranged on the inner circumferential 
surface at an interval of 90°. Further, the treatment 
accessory insertion channel 12, two illuminating optical 
fiber bundle 13, the image transmitting optical fiber 
I bundle 14, the air feeding tube 17 and the water feeding 
: tube 18 are inserted and arranged in the rest of the inner 

i space of the flexible tube 1. Note that 2s in the present 
j embodiment represents the sum of the cross -sectional areas 

=s of the above-mentioned components (11, 12, 13, 14, 17, 18) 
~ arranged in the flexible tube 1 . 

I [0055J The diameter D x of the flexible tube 1 on the 

i plane shown in Fig. 8 is 7.8 mm, and the practical length L 
of the bendable member 2 is 48 ram. The maximum bending 
angle of the bendable member 2 is 210° for bending upwards, 
120° for bending downwards, and 120° for bending right and 
left. 

[0056] The experiment is carried out in the same manner 
as in the first embodiment except that the flexible tube 1 
of Fig. 8 is used. Results of the experiment are shown in 
table 7. 
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Table 7 





test No. 


1 


2 


3 


4 


Dii [mm] 


1.2 


1.2 


1.2 


1.2 


Di 2 [mm] 


3 


3 


3.5 


3.5 


D 13 [mm] 


2.2 


2.5 


2.2 


2.5 


Di4 [mm] 


2.4 


2.4 


2.4 


2.4 


D17 [mm] 


1.6 


1.6 


1.6 


1.6 


D 18 [mm] 


1.6 


1.6 


1.6 


1.6 


2s/S [%] 


58 


62 


63 


68 


results 


A 


B 


C 


D 



[0057] As can be seen in table 7, when the flexible tube 
has an inner diameter D x of 7.8 mm, the ratio of broken 
fibers in the illuminating optical fiber bundle 13 becomes 
less than 10%, and therefore the observation performance of 
the endoscope 100 will be not seriously affected, if 2s/S s 
0.62 is satisfied. 

[0058] Fig. 9 is a cross sectional view of the flexible 
tube 1 according to a eighth embodiment of the invention, 
taken along a plane perpendicular to the axis of the 
flexible tube 1, at a position in the vicinity of the 
distal end thereof. In this embodiment, four guide coils 11 
are inserted through the flexible tube 1 and arranged on 
the inner circumferential surface at an interval of 90°. 
Further, the treatment accessory insertion channel 12, the 
illuminating optical fiber bundle 13, the image 
transmitting optical fiber bundle 14, the air feeding tube 
17 and two water feeding tube 18 are inserted and arranged 
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in the rest of the inner space of the flexible tube 1. Note 
that 2s in the present embodiment represents the sum of the 
cross-sectional areas of the above-mentioned components (11, 
12, 13, 14, 17, 18) that are arranged in the flexible tube 
1. 

[0059] The diameter D 1 of the flexible tube 1 on the 
plane shown in Fig. 9 is 9.3 mm, and the practical length L 
of the bendable member 2 is 75 mm. The maximum bending 

angle of the bendable member 2 is 180° in the up and down 
directions , and in the right and left directions . 
[0060] The bending test is carried out in the same 
manner as in the first embodiment except that the flexible 
tube 1 of Fig, 9 is used. Results of the tests are shown in 
table 8 . 



Table 8 





test No. 


1 


2 


3 


4 


5 


Dn [mm] 


1.4 


1.4 


1.4 


1.4 


1.4 j 


D12 [ram] 


3.2 


3.8 


4.2 


4.2 


4.5 


D13 [ram] 


3 


3.5 


3.7 


4 


4 


D i4 [mm] 


2.8 


3 


3.1 


3.5 


3.5 


D 17 [ram] 


1.7 


1.7 


1.7 


1.7 


1.7 


Die [mm] 


1.7 


1.7 


1.7 


1.7 


1.7 


Zs/S [%] 


50 


60 


66 


72 


75 


results 


A 


A 


C 


D 


D 



[0061] As can be seen in table 6, in the case the 
flexible tube has an inner diameter Di of 9.3 mm, the rate 
of broken fibers in the illuminating optical fiber bundle 
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13 becomes less than 10% if Zs/S s 0.6 is satisfied. 
[0062] Fig. 10 is a graph showing the relation between 
the diameter of the flexible tube, D 1# and the maximum 
value of 2s /S by which the rate of broken fibers in the 
illuminating optical fiber bundle 13 is less than 10% after 
the bending test is carried out. It can be seen from Fig. 
10 that Zs/S ss 0.65 is sufficient for keeping the rate of 
broken fibers less than 10% if the diameter of the flexible 

tube 1, Di, is less than 6.5 mm. However, 2s/S =s 0.6 is 
required if the diameter D x is not less than 6.5 mm. 

[0063] Though the minimum value of the ratio Zs/S is not 
limited from the point of view of preventing the optical 
fibers from being broken by bending the bendable member 2 , 
the ratio Zs/S should not be too small, preferably not less 
than 0.5, since the outer diameter of the flexible tube is 
required to be as small as possible to decrease pain 
inflicted on a patient during an endoscope inspection. Thus, 

a proper range of Zs/S may be 0.5 <; Zs/S =s 0.65 for a 
flexible tube having an inner diameter D x less than 6.5 mm, 

and 0.5 <; Zs/S s; 0.60 for a flexible tube having an inner 
diameter Di not less than 6.5 mm. 

[0064] As above, according to the embodiments, an 
insertion unit for an endoscope is configured such that the 
following condition is satisfied. 
0.5 <s Zs/S <; 0.6 
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where, S represents an area of an inner cross -section of a 
hollow flexible tube for an endoscope, in which a plurality 
of components are inserted, and 2s represents a sura of 
cross- sectional areas of the components arranged in the 
flexible tube, whose inner diameter is equal to or greater 
than 6,5 mm. An example of an insertion unit having a 
flexible tube whose inner diameter is equal to or greater 
than 6,5 mm is one for digestive tubes . 

[0065] An insertion unit for an endoscope is configured 
such that the following condition: 

0.5 <; 2s/S ss 0.65 
may be satisfied when the inner diameter of the flexible 
tube is less than 6.5 mm. An example of an insertion unit 
having a flexible tube whose inner diameter is less than 
6,5 mm is one for bronchial tubes . 

[0066] The present disclosure relates to the subject 
matter contained in Japanese Patent Application No. P2001- 
007177, filed on January 16, 2001, which is expressly 
incorporated herein by reference in its entirety. 
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